Abstract. In order to solve the problem of geocoordinate measurement and trajectory distribution of buried long oil and gas pipelines, the positioning accuracy of pipeline is improved. In this paper, the data fusion of the mileage data by Kalman filtering algorithm is used to solve the segmented trajectories of gyroscope and accelerometer observation data collected by inertial navigation system. Calculating the total mileage of 49.902 km, each position error with checkpoint contrast are controlled to less than 1 m. The overall trend with map match exactly, integrated positioning accuracy is 0.928 ‰. It has a certain reference for using inertial navigation technology buried long distance oil and gas pipeline geographic coordinates measurement.
Introduction
Because of the many domestic oil and gas pipeline is built in fifties and sixties, limited to the conditions and some historical factors, many of the construction of underground pipeline is not standard and not very detailed description of the pipeline route at the same time. Therefore, it is of great significance to reduce the cost of excavation and save relevant expenses by using inertial navigation technology for the location of the pipeline geographic coordinates.
In 1990, Bennamoun proposed using GPS, sonar and the strapdown inertial navigation are combined, the method of calculation to correct ins using GPS position the position of the cumulative error, and the use of inertial navigation calculation good capability of anti-interference and continuous positioning make up for the inadequacy of GPS positioning [1] . In 2005, Isaac Skog put forward such as using GPS combined with low precision of the strapdown inertial navigation, the method of using GPS positioning precision of the low precision of inertial navigation [2] [3] [4] . Gong-min YAN and Yong-yuan QIN of northwestern polytechnical university put forward by using the inertial navigation system and auto mileage meter combination of integrated navigation system, using the complementarity between the two and improving the positioning precision [5] [6] . In this article, through the strapdown inertial navigation system, the basic principle of using the inertial navigation system, gyroscope and accelerometer observation data were collected through the data fusion algorithm, to accurately measure of long distance pipeline latitude and longitude coordinates, so as to achieve the purpose of accurately measuring pipe distribution.
Principle of Inertial Navigation System

Work Flow of Inertial Navigation System
Inertial navigation measurement system is carrying on the detector in the pipe, using gyroscope and accelerometer providing three axis coordinate information, the algorithm of the distribution of underground pipeline and pipe distribution of latitude and longitude. It can take a section from the pipeline, and use the given initial point to play the channel's longitude and latitude coordinate playback, which can display the corresponding pipeline geographic information. The working process of the measurement system is shown in figure 1 . 
Principle of Inertial Navigation System Structure
Adopt the calculation way of navigation of inertial navigation system, and by the inertial sensor measurement of carrier motion inertia data, which realize the carrier at any time the position and posture of the calculation. The inertial sensor can be installed on the carrier without relying on the carrier to build other facilities to provide information, in order to complete the navigation. The principle block diagram of inertial navigation system is shown in figure 2 . 
Attitude Matrix Correction
The strapdown matrix is also called the attitude matrix, which is the direction cosine matrix between the vector coordinate system and the navigation coordinate system [7] . The carrier attitude Angle is actually the orientation relation between the carrier coordinate system and the navigation coordinate, and the geographic coordinate system oENU is generally used as the navigation coordinate system, which can be obtained by pushing it to: 
When calculating the trajectory of the longitude and latitude coordinates of the pipeline, it is necessary to modify the MRT matrix, which is modified by the quaternion method. The quaternions are:
In equation (2) : q0 is scalar; Q is a vector. If the vector is fixed, the moving coordinate system is rotated in an Angle relative to the reference frame. The transformation of the projection of the quaternion vector in the two coordinate systems is: 
The coordinate transformation of the fixed vector, the form of the matrix (3) is written in the form of matrix, and the geographic coordinate system is the reference coordinate system.
In which, the four elements are used and constructed respectively. Expand and remove the first row and the first column is:
That is:
In equation (6) and (7), it is obvious that two attitude transformation matrices are equal. If you know the four elements of Q, you can find the nine elements of the attitude matrix and form the attitude matrix. Conversely, if you know the nine elements of the attitude matrix, you can also find four elements of the four elements.
Kalman Filter Algorithm
Kalman filter is the most estimable theory and is a recursive linear minimum variance estimation method. Kalman filtering technology is essentially a set of recursion method implemented by digital computer [8] .The time update is determined by the measured update result of the previous step and the prior information in the design of kalman filter. The measured update is determined based on the measured value obtained in real time on the basis of time update.
If the measured value of k t moment is known as k Z , then k X estimate k X is solved by the following equation:
State one-step prediction equation:
In the formula:
is the kalman filter estimate of state 1  k X , which can be calculated by using the measured value of k-1 moment and previous moments;
(10) One step prediction mean variance:
Estimated mean square error equation:
(12) Equation (8) - (12) As the observed value, the state error is used as the state quantity, and kalman filter is used to estimate the state error. The error compensation is made by the mileage correction method for the SINS calculation of the pipeline positioning.
Inertial Navigation Detection System Inertial Navigation System Sensor Status
Gyroscope and accelerometer data as the core of the latitude and longitude pipe fitting data, the integrity of the data is crucial, gyroscope and accelerometer are both original observational data by the x, y, z axis. Inertial navigation equipment in the process of pipeline internal operation, needs to master inertial navigation equipment in operation in the process of pitching angle, roll angle and heading angle, in order to grasp the pipeline trajectory, the direction of the gyroscope and accelerometer running state. The data information of the elevation angle, roll angle and course angle of the inertial navigation system are shown in figure 4, figure 5 and figure 6. Figure 4 is the elevation Angle of the inertial navigation system. Through the change of the pitch angle, it can be seen that the pipeline is going up or down. Figure 5 for inertial navigation system, the operation process in the pipe roll information, as a result of the roll angle measurement range to -180 degrees to +180 degrees. Figure 6 shows that the course change information during the operation of the equipment. The course angle is an important parameter to correct the trajectory in the course of the trajectory calculation.
Calculation Results and Error Analysis The Solution Process and the Result Display
In the calculation process, the kalman filter algorithm is used to predict the data fusion of the mileage data to calculate the trajectory. The 58 points collected by RTK are MRAK points, and the sections are calibrated at a distance of about 1 km. Figure 7 shows the matching of the verification point on the Ovid map. Figure 8 shows the geocoordinate trajectory of the pipeline. Figure 8 for tin all period of latitude and longitude of the wire path diagram, sealing ability is good. The whole system and the late trajectory calculation of both the WGS -84 coordinate system, the overall shape and anastomosed with the map location accuracy meet the engineering standards.
Data Error Analysis of Inertial Navigation System
The data interval of the original output of inertial navigation system is 0.002s.The corresponding error can be calculated by comparing the calculated longitude and latitude coordinates with the verification point, and the comparison chart of the solution trajectory and the standard curve is shown in figure 9 .
The measurement system of the surveying and mapping system runs about 49.902 km and the external magnetic standard data is 58 groups. The actual navigation and positioning process is used in 58 groups, and the magnetic standard data is 100% efficient.
Summary
The pipeline location detection is the entire run of 49902.37 m, with the help of the RTK measurement of the checkpoint data. It is completed the navigation, positioning system response the real direction of the pipeline, magnetic conforming to the requirements of the technical indicators. Using inertial navigation technology pipeline geographic coordinates to describe, it is beneficial to solve some of the conditions at that time and the historical factors. Many of the construction of underground pipeline is not very standard, and description of the pipeline route at the same time also is not very detailed problems, thus to reduce the maintenance cost of the pipeline and improving the efficiency of pipeline maintenance. 
